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FOREWORD

The B.C. Ministry of Energy and Mines (BC MEM, the Ministry) manages the responsible
exploration and development of British Columbia’s energy sector. Part of the Ministry’s mandate

is to develop tenure, royalty and regulatory policy for British Columbia’s petroleum and natural

gas industry, thereby ensuring the effective and environmentally responsible management of the
province’s petroleum and natural gas resources. The Ministry provides a range of petroleum and
natural gas related services including the issuance of Crown petroleum and natural gas rights, royalty
programs, public geosciences, and policies to address potential future resource opportunities, such as
unconventional petroleum and natural gas.

The National Energy Board (NEB or the Board) is an independent federal regulator whose purpose
is to promote safety and security, environmental protection and efficient infrastructure and markets
in the Canadian public interest! within the mandate set by Parliament for the regulation of pipelines,
energy development, and trade.

The Board's main responsibilities include regulating the construction and operation of interprovincial
and international oil and gas pipelines, international power lines, and designated interprovincial power
lines. Furthermore, the Board regulates the tolls and tariffs for the pipelines under its jurisdiction.
With respect to the specific energy commodities, the Board regulates the export of natural gas, oil,
natural gas liquids and electricity, and the import of natural gas. Additionally, the Board regulates oil
and gas exploration and development on frontier lands and offshore areas not covered by provincial or
federal management agreements.

The Board also monitors energy markets, and provides its view of the reasonable foreseeable
requirements for energy use in Canada having regard to trends in the discovery of oil and gas.2 The
Board periodically publishes assessments of Canadian supply and demand of energy and natural gas
markets in support of its ongoing market monitoring. These assessments address various aspects of
energy markets in Canada.

This Energy Market Assessment (EMA), entitled Ultimate Potential for Unconventional Natural Gas in
Northeastern British Columbia’s Horn River Basin, is part of a series of EMAs that provide information
on the total gas resources of sedimentary basins in Canada. It is a joint assessment produced by

the NEB and BC MEM (formerly British Columbia Ministry of Energy, Mines and Petroleum
Resources). This series includes the NEB’s 2004 Canada’s Conventional Natural Gas Resources: A Status
Report, and the 2006 report, Northeast British Columbia’s Ultimate Potential for Conventional Natural
Gus, completed with the BC MEM, and the British Columbia Oil and Gas Commission. This EMA
provides information on the unconventional gas resources in B.C.’s Horn River Basin and is the first

1 The public interest is inclusive of all Canadians and refers to a balance of economic, environmental, and social
considerations that change as society's values and preferences evolve over time.

2 This activity is undertaken pursuant to the Board’s responsibilities under Part VI of the National Energy Board Act
and the Board’s decision in GHR-1-87.
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in the series to describe the unconventional gas resources that are present in the country. Subsequent
reports will be prepared as enough public data becomes available to perform the assessments.

During the preparation of this report, the BCMEM and the NEB (the agencies) conducted a series of
informal meetings and discussions with certain companies exploring in B.C., specifically related to the
Horn River Basin. The BC MEM and the NEB appreciate the information and comments provided
and would like to thank all participants for sharing their time and expertise. The agencies decided the
final model inputs.

If a party wishes to rely on material from this report in any regulatory proceeding before the NEB, it
may submit the material, just as it may submit any public document. Under these circumstances, the
submitting party in effect adopts the material and that party could be required to answer questions
pertaining to the material.

This report does not provide an indication about whether any application will be approved or not.
The Board will decide on specific applications based on the material in evidence before it at that time.
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EXECUTIVE SUMMARY

The BC MEM and the NEB estimate supply and demand on a provincial and national scale,
respectively. The ultimate potential for natural gas out of an area or sedimentary basin (how much gas
is available to be produced) is recognized as a key component required to project future supply. The
BC MEM’s and the NEB’ last complete study of B.C. was of the conventional resource potential and
was completed in 2006, based on year-end 2003 data. The 2006 report indicated there was additional
potential for natural gas in B.C. in unconventional reservoirs, but that there was not enough data to
confidently estimate gas resources. That data is now starting to become available and, in 2010, the BC
MEM and the NEB determined that there was sufficient data to estimate the potential of the Horn
River Basin shale gas play.

This report, Ultimate Potential for Unconventional Natural Gas in Northeastern British Columbia’s Horn
River Busin, is the first publicly released probabilistic resource assessment of a Canadian shale basin.
The medium case estimate for marketable natural gas is 2 198 10%m3 (78 Tef). Once added to the
2006 estimate for conventional ultimate potential, and accounting for cumulative production to
year end 2010 of 602 10m3 (21.3 Tef), the estimate of remaining conventional and unconventional
natural gas available for future demands is 3 058 109m3 (109 Tef). This does not consider other
unconventional gas resources which are known to exist in B.C.

NATIONAL ENERGY BOARD vii



INTRODUCTION

Canada plays an important role in the North American natural gas market. Today, Canada provides
almost one-fifth of total North American gas production, although its share has fallen in recent

years. Within Canada, the province of British Columbia is an important contributor to gas supply,
accounting for about 20 per cent of total Canadian production in 2009 (about 27.6 10°m3 or 1 Tcf),
second only to Alberta. Currently, all of B.C.’s production comes from the northeastern region of

the province (Figure 1.1). Production growth in B.C. over the past ten years largely comes from
development of unconventional gas (natural gas found in reservoirs requiring extensive drilling and/or
production techniques), almost entirely tight gas and shale gas.

The ultimate potential for natural gas (how much gas is available to be produced out of an area)

is a key component for projections of future supply. It provides basic information from which

the pace of development, economics, and future production can be estimated. As drilling and
completion technology advances, new information on the resource is learned, which contributes to
increased certainty. It is important to note, however, that this analysis is based on current regulatory,
technological, and economic conditions. The analysis in this report does not account for how future
conditions may affect resource development.

1.1 Scope

This report focuses on shale gas (i.e., gas contained in shale formations), where economic recovery has
been made possible by the application of horizontal drilling and multi-stage hydraulic fracturing.

This report does not specifically address the economics of discovering, developing or producing
B.C.s gas resources. Nor does it deal with the rate of discovery or productive capacity for natural
gas. This report and the associated data are meant to form the basis for economic analysis and
supply projections by the BC MEM, NEB or others. This joint assessment benefited from the
local knowledge of the BC MEM geologists and from the input received from the various oil and
gas companies pursuing development of these resources. The agencies will continue to monitor
developments in the size of the resource base for natural gas in British Columbia.

Typically, some portion of a gas resource may not be accessible from the surface due to physical
features such as large lakes, extreme topography, or due to alternative surface uses such as cities or
parks. In northeastern B.C., most areas can be accessed through advances in horizontal drilling,
where wells can reach more than two kilometres (km) sideways from the surface location. However, in
some cases, access to these vertical or directional drilling locations could be precluded by restrictions
on the construction of necessary access roads or by prohibitively costly permitting or mitigation
requirements. Since these determinations are quite site-specific, adjustments to the ultimate potential
for access restrictions were not considered for this assessment.

NATIONAL ENERGY BOARD



Location of Unconventional Resources Currently Recognized in British Columbia
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1.2 Terminology

For the purpose of this report, the term ultimate potential (Figure 1.2) refers to an estimate of the
volume of marketable gas reserves that will have been proven to exist in an area after production

has ceased, having regard for the geological prospects of that area and anticipated technology and
economic conditions.

Terminology used to Describe Ultimate Potential

Terms |
Cumulative Production |
R . Discovered Reserves |
Ultimate Potential | [T T T TS oo m s s s s
Resources
Undiscovered Resources
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Discovered resources have been confirmed by wells already drilled whereas undiscovered resources are
expected to be discovered by future drilling. Discovered resources consist of the volumes of gas
already produced (cumulative production), the known reserves that are still to be produced, and
known resources that are not yet confirmed as economic to produce under current economic
conditions, but could be available under better economic conditions.

Since estimates of ultimate potential refer to a volume of gas to be discovered in the future, the
estimates always have a degree of uncertainty. The amount of uncertainty varies for each component
of the estimate. Undiscovered resources have the highest amount of uncertainty, since there is no
specific information about them. For the discovered, there is less uncertainty, because the resource has
been drilled and at least some of its characteristics have been measured. Finally, there is no uncertainty
for the volumes already produced.

Additional terminology used in describing discovered resources, or in calculating estimates of the
undiscovered resources and ultimate potential are as follows. Gas in place (GIP) is the initial volume
of gas in the reservoir; recoverable gas is the volume of GIP that can be produced, and marketable gas
is the volume of recoverable gas that remains after processing. The undiscovered GIP is reduced to
marketable volumes by applying an expected recovery factor and surface loss.

1.3 Units of Measure

The data in this report are presented in metric units, followed, where appropriate, by the imperial
equivalents in brackets. Natural gas volumes in metric units are at the conditions of 101.325
kilopascals (kPa) and 15 degrees Celsius (°C). For imperial units, BC MEM uses conditions of 14.65
pounds per square inch absolute (psia) and 60 degrees Fahrenheit (°F), while the NEB uses 14.73 psia
and 60°F. For the purposes of this report, a conversion factor of 35.49373 cubic feet per cubic metre
(cf/m3) has been used, reflecting the standard conditions used by the BC MEM. Readers requiring a
conversion to the NEB conditions should use a conversion factor of 35.30096 cf/m3.

All gas volumes in this report are shown on an “as is” basis, with no adjustment for heating value.

1.4 Effective Date of Data

Work began on this study in mid-2010 and continued into 2011. Data analysis and updates were done
on existing databases throughout that period and new databases specific to the ultimate potential study
were developed.

1.5 Updates to this Study

Although this study accounts for drilling to year-end 2010, the release of information is sometimes
slow, especially in new plays such as the Horn River Basin where the granting of Experimental
Schemes by the B.C. Oil and Gas Commission (BC OGC) can add considerably to the duration of
confidentiality agreements. The agencies intend to maintain the computer systems, databases, and
processes used in this report to update the data on an ongoing basis. Changes may be reported in the
annual releases of the BC OGC'’s Hydrocarbon and By-Product Reserves in British Columbia reports or in
various NEB publications.
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1.6 Reader’s Questions and Comments

The reader is encouraged to contact the BC MEM or NEB with questions or comments respecting
either this report or the associated data on the BC MEM and NEB websites. Please contact:

British Columbia Ministry of Energy and Mines
PO Box 9326 Stn Prov Govt

Victoria, B.C. VEW 9N3
Web site: www.gov.be.ca/ener/

or

National Energy Board

444 - 7th Ave SW

Calgary, Alberta T2P 0X8
Phone: (403) 292-4800

Toll Free: 1-800-899-1265
Email: info@neb-one.gc.ca
Web site: www.neb-one.gc.ca
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METHODOLOGY AND RESULTS

2.1 Methodology

The estimate of the ultimate potential for unconventional natural gas in the Horn River Basin of
northeastern B.C. was determined by:

*  reviewing pertinent data, relevant prior studies, and other information;

*  mapping some of the geological characteristics of the Muskwa, Otter Park, and Evie shales
of the Horn River Basin so that they were in a grid format based on the British Columbia
drilling spacing unit (grid spacing of 1415.5 m by 1856.0 m) (see Chapter 2.4);

*  using a probabilistic method loosely based on the NEB report Canada’s Conventional
Natural Gas Resources — A Status Report (2004). Substantial modifications were required,
however, because there is currently no provincial reserves information available with which
to estimate GIP numbers in drilled sections. Therefore, GIP numbers were calculated from
basic reservoir data. The new model is discussed in detail in Appendix 2;

*  gathering input from industry active in the study area; and,

*  relying on the expertise of the agencies.

Simply put, probabilistic assessments give reservoir characteristics (like thickness, for example) a range
of possibilities spread across low, most likely, and high values, where the low and high values have

a low probability of occurring while the most likely value has the highest probability of occurring
(Figure 2.1). Thus, in a Monte Carlo simulation where there are 500 iterations (essentially rolling the
dice for each reservoir characteristic 500 times to simulate 500 potential outcomes for a single basin),
it becomes possible to estimate low, expected, and high values for the gas potential of that basin (P10,
Expected, and P90, respectively). This is the first publicly released probabilistic assessment of a shale
gas play in Canada. As a result, comments about the methodology are welcomed.

2.1.1 Gas in Place

Natural gas in shales dominantly exists in two states: 1) free gas, where the gas is found in a gaseous
state in the spaces between mineral grains or within organic matter; and 2) adsorbed gas, where the
gas is weakly stuck to surfaces of the organic matter and clays. While free gas can flow freely through
pore spaces and fractures, adsorbed gas must be desorbed first (become unstuck) by reducing reservoir
pressure before it can flow. By understanding some of the basic, physical characteristics of the shales
it is possible to estimate the amount of natural gas in the reservoir. For example, the thickness, areal
extent, and the percentage of porosity in the reservoir can be multiplied together to estimate total
pore space available for free gas. Also, the amount of organic matter in the rock can help determine
the amount of gas that can adsorb to the shale under varying pressures.

5 AN ENERGY MARKET ASSESSMENT



Schematic Probability Distribution
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Geological characteristics typically vary within a sedimentary basin and the amount of GIP will
change from area to area. For Horn River Basin shales, geological characteristics were therefore
mapped where data permitted and these maps became the basis of the assessment. GIP volumes
were estimated for each tract (i.e. map-grid point) to better model how volumes changed across the
basin. Tracts were summed to estimate total potential. A tract was considered discovered if it had

a vertical well associated with it and if that well had any data used in any of the mapping. A tract
was also considered discovered if a horizontal well was present. Otherwise, the tract was considered
undiscovered. Technical details are available in Appendix 2.

2.1.2 Marketable Gas

The use of the term “marketable” implies a sense of economic recovery. However, for the purposes

of this report, “marketable” refers to a technically recoverable volume under foreseeable market
conditions. No rigorous economic assessment was performed for this study, though the NEB released
an Energy Briefing Note in November 2010 indicating that the average cost of producing Horn River
Basin shales was $4.68/GJ in 2009, not including pipeline tolls>. The 2010 study used a number of
simplifying assumptions and its applicability to specific development is limited. In general, Horn
River Basin gas would not appear to be economic at current prices, but could become more attractive
if costs continue to decline, which is typical for shale gas as development proceeds.

A grid-based method was used to estimate marketable resources in the Horn River Basin similar to
that for GIP. To estimate the amount of marketable free gas, the agencies considered how much of the
gas would be successfully recovered through drilling and hydraulic fracturing using current practices.
Given the lack of long-term production from the Horn River Basin, free gas recovery factors are
highly uncertain. For this project, recovery factors varied for each shale, but most likely values ranged
between 15 and 25 per cent. The agencies also considered how much gas would be removed as gas
impurities (so that the gas was of pipeline grade) and how much gas would be extracted as fuel gas to
transport and process the raw gas. The amount of impurities in Horn River Basin shale gas appears to
vary by shale, with some wells as low as eight per cent with others as high as 19 per cent, dominantly
consisting of carbon dioxide. The impurities increase with depth.

3 NEB, 2010. Natural Gas Supply Costs in Western Canada in 2009 - Energy Briefing Note.
Available at www.neb-one.gc.ca
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To estimate marketable adsorbed gas the agencies considered likely abandonment pressures for
producing wells and used similar recovery factors as used for free gas to determine how much of the
desorbed gas could escape from the reservoir.

2.2 Industry Input and Peer Review

The agencies met with, and received input on the probabilistic methodology from experts at the
Geological Survey of Canada, the United States Geological Survey, and industry.

The agencies also met individually and on a confidential* basis with companies and organizations
actively exploring or familiar with the Horn River Basin of B.C. to increase confidence in model
inputs. No information from one company was shared with another. The agencies decided the final
model inputs.

2.3 Avadilable Information

Although the Horn River Basin shale gas play is relatively new, there are many older wells that
penetrated the shale while companies were exploring for deeper conventional resources. These wells
provided data, such as shale depth and thickness. Newer wells are now available, including horizontal
wells, though not all have been released from their confidential status. While some confidential data
was used in the assessment, almost all the associated wells were to be released from confidential status
by the release of this document. Altogether, 337 unique wells were used.

2.4 Geological Description

2.4.1 Setting

The Horn River Basin is located in northeastern B.C., and extends northward into the Northwest
Territories (Figure 1.1). During the Middle Devonian period (approximately 375 million years ago),
the Presqu'ile barrier reef extended from Alberta, through B.C., and into the Yukon and Northwest
Territories (Figure 2.2). The reef was an area of shallow, well circulated sea-water where fine calcite
mud and the skeletons of reef growing organisms were deposited and converted to limestone and
dolostone after they were buried. Clays, fine siliceous (silica-rich) muds, and organic matter from dead
plankton were deposited in the deeper, poorly oxygenated waters of the Horn River Basin to the west
and in the Cordova Embayment to the east and were converted over time into shale deposits. In both
areas, the shales have been sub-divided into, from the bottom up, the Evie, Otter Park and, Muskwa
shales (Figure 2.3) and contain enough organic material to have generated natural gas. Some of the
gas migrated into the Presqu'ile barrier and was locally trapped in conventional oil and gas pools.’

2.4.2 Evie Shale

The Evie Shale consists of dark grey to black, radioactiveS, organic-rich, pyritic, variably calcareous

4 Confidentiality was required to protect each company’s commercially sensitive information.

5 NEB, 2006. Northeast British Columbia’s Ultimate Potential for Conventional Natural Gas.
Available at www.neb-one.gc.ca.

6  Organic-rich shales are “radioactive” in the sense that they have higher levels of radiation than other typical
sedimentary rocks (during deposition, the organic matter attracts and binds dissolved uranium from sea water).
The actual amount of radioactive material is extremely small. This radioactivity helps to distinguish shales from
sandstones and carbonates on electric well logging tools.
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Depiction of Devonian Presqu'ile Barrier Reef
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Source: Alberta Geological Survey
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(calcite-rich), and siliceous shale. This unit is characterized on well logs by relatively high gamma-
ray readings and high resistivity. The uppermost part of the unit includes more silt and generally has
lower radioactivity and resistivity. In the Horn River Basin, the Evie is over 75 m thick immediately
west of the Presqu'ile barrier reef and thins westward to less than 40 m thick in the vicinity of

the Bovie Lake Structure (western margin of the basin). The Evie Shale overlies limestones and
dolostones of the Lower Keg River Formation.

2.4.3 Otter Park Shale

The Otter Park Shale reaches a maximum thickness of over 270 m in the southeast corner of the
Horn River Basin, where it consists of medium to dark grey calcareous shale with lower radioactivity
and resistivity on well logs than the Evie and Muskwa Shales. The Otter Park thins to the north and
west, and begins to include radioactive siliceous black shale beds.

2.4.4 Muskwa Shale

The Muskwa consists of grey to black, radioactive, organic-rich, pyritic, siliceous shales, and is
characterized on well logs by high gamma ray readings and high resistivity. It has a gradational contact
with the overlying silt-rich shales of the Fort Simpson Formation. In the Horn River Basin, the
Muskwa is 30 m thick adjacent to the Presqu'ile barrier reef and thickens westward to over 60 m in
the vicinity of the Bovie Lake Structure on the western side of the basin. However, the Muskwa thins
considerably where the Otter Park thickness reaches its maximum in the southeast corner of the Horn
River Basin. Unlike the underlying shales, the Muskwa is not restricted to the Horn River Basin,

but thins and extends over the top of the barrier reef and is present through the rest of northeastern
British Columbia. It is also stratigraphically equivalent with the Duvernay Shale, which extends over
much of Alberta.

2.5 Results for Gas in Place and Marketable Gas

Having regard for the inherent uncertainty in estimating geological prospects and predicting gas
potential, the agencies estimate the ultimate GIP in the Horn River Basin to be 10 466 10%m? (372
Tef) to 14 894 109m3 (529 Tef), with the expected outcome of 12 629 10%m3 (448 Tef), as shown in
Table 2.1 and Figure 2.4. The marketable resource base is expected to be 1 715 10°m3 (61 Tef) to

2 714 109m3 (96 Tcf), with the expected outcome of 2 198 10%m?3 (78 Tcf), as shown in Table 2.1 and
Figure 2.5. The ultimate potential will very likely meet or exceed the low-case estimates. The medium
case represents the most realistic outcome. The high case is possible, though unlikely to occur. A
certain volume of marketable natural gas has been excluded from the assessment based on untenured
land at the date of the report. The estimates of discovered and undiscovered resources are in Table 2.2
and the medium case estimate for each shale of the Horn River Basin is presented in Table 2.3.

The excluded volume in Table 2.1
represents gas that, in the opinion

of the agen.cies, is not likely toibe Low, Medium and High Case Estimates of Gas in Place
developed in the low and medium  gnd Marketable Gas in the Horn River Basin

case estimates due to reservoir -
.. . Gas in Place Excluded Gas | Marketable Gas

conditions assumed in those cases. In | Case

the high case estimate, the volume 1% | T | 10%md ] T | o' A

)

of gas currently considered excluded  Jto% 10466 | 372 | 481 7 11715 ol
would have a higher likelihood of Medium | 12629 | 448 | 639 23 2198 78
being developed given its size. High 14894 | 529 | 805 20 | 2714 26
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Breakdown of Ultimate Potential (Medium Case) for Natural Gas as of December 2010

Gas in Place Marketable Gas
Category
109m3 Tef 109m3 Tef
Discovered 433 15 84 3
Undiscovered 12 196 433 2114 75
Ultimate Potential 12 629 448 2198 78

Gas in Place and Marketable Gas for the Shales of the Horn River Basin*

Gas in Place Marketable Gas
Shale
10%9m3 Tef 10%9m3 Tef
Muskwa 3729 132 71 25
Otter Park 4 486 159 666 24
Ultimate Potential 4024 143 562 20

* Numbers may not add up exactly in Table 2.2 due to stochastic adding.

2.6 Comparison with Previous Studies

The only previously published study of resource potential in the Horn River Basin’ determined GIP
resources of the Horn River Basin, Cordova Embayment, and Liard Basin, estimating GIP to be
between 4 078 10%m? (144 Tcf) and more than 16 992 10m3 (600 Tcf). No attempt to break out the
gas resources between basins and no estimate for marketable resources was made. The BC MEM
released the results of an internal study in 2009 suggesting the Horn River Basin contained between
8496 10%m3 (300 Tef) and 22 656 10%m3 (800 Tef) of GIP.

As described in previous NEB reports, estimates of ultimate potential generally tend to increase

over time. In the Horn River Basin, the GIP of the mid-Devonian shales is not likely to increase
substantially. Marketable resources may increase as more information is gained from longer term
production data. Marketable resources may also increase if the cost of further development falls, or
gas prices increase substantially. Further, other resources may be discovered in overlying or underlying
units during the course of development.

2.7 Canadian Resources

The NEB, as part of its mandate, maintains estimates of ultimate potential for all regions of
Canada. Its most current estimates of Canadian resources were provided in its joint 2008 Report
Saskatchewan’s Ultimate Potential for Conventional Natural Gas. Tables 2.4 A and 2.4 B show the
current estimates of ultimate potential of conventional natural gas in Canada in both metric and
imperial units, respectively, and are current to year-end 2009. In addition, the NEB is completing a
list of ultimate potential estimates of unconventional natural gas in Canada that will be populated as
assessments are completed. Tables 2.5A and 2.5 B are current to year-end 2010. The combination
of Tables 2.4 and 2.5 in either metric or imperial units will provide the total ultimate potential for
the country.

7 Ross, D.J.K., and Bustin, R.M., 2008.
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Current NEB Estimates of Ultimate Potential for Conventional Marketable Natural Gas

in Canada (109m3)

Discovered | Undiscovered Ultimate Rem.uining
Resources Resources Potential! Ulhmcfte
Potential?
Western Canada Sedimentary Basin
Alberta 5131 1145 6276 2 201
British Columbia 1142 320 1462 860
Saskatchewan 263 34 297 106
Southern Territories 32 164 196 177
Total 6 568 1663 8 231 3 344
East Coast (Offshore)
Labrador 130 660 790 790
East Newfoundland Basin 0 352 352 352
Grand Banks 110 375 485 485
Southern Grand Banks 0 86 86 86
Laurentian Sub-Basin 0 170 170 170
Nova Scotia 147 505 652 608
George's Bank 0 60 60 60
Total 387 2 208 2 595 2 551
West Coast
Offshore 0 255 255 255
Intermontane 0 230 230 230
Total 485 485 485
Northern Canada
Northwest Territories - Colville Hills 17 17 134 134
Mackenzie-Beaufort 254 1 460 1714 1714
Yukon - Eagle Plains 2 28 30 30
Yukon - Others 1 114 15 15
Arctic Islands 331 793 1124 1124
Eastern Arctic 0 140 140 140
Hudson Bay 0 28 28 28
Total 605 2 680 3 285 3 285
Ontario 44 23 67 33
Gulf of St. Lawrence (Maritimes
Basin)3 4 36 40 40
TOTAL CANADA! 7 610 7 097 14 707 9 742

—_

numbers may not add due to rounding

2 . as of 31 December 2009, some are 2008

3. The Board is aware of the new Geological Survey of Canada report released in 2009 providing a larger
estimate of potential gas resources in the Gulf of St. Lawrence region; however, the Board is cautious about

recognizing the new estimate without additional successful drilling information.

NATIONAL ENERGY BOARD




Current NEB Estimates of Ultimate Potential for Conventional Marketable Natural Gas
in Canada (Tcf)

Discovered | Undiscovered Ultimate Rem.aining
Resources Resources Potential’ Ulhmc.:fe
Potential?
Western Canada Sedimentary Basin
Alberta3 182 41 223 78
British Columbia3 41 1 52 31
Saskatchewan3 9 1 11 4
Southern Territories 1 6 7 6
Total 233 59 293 119
East Coast (Offshore)
Labrador 5 23 28 28
East Newfoundland Basin 0 12 12 12
Grand Banks 4 1 17 17
Southern Grand Banks 0 3 3
Laurentian Sub-Basin 0 6
Nova Scotia 5 18 23 22
George's Bank 0 2 2
Total 14 77 92 90
West Coast
Offshore 0 9 9 9
Intermontane 0] 8 8 8
Total [*] 17 17 17
Northern Canada
Northwest Territories - Colville Hills 1 4 5 5
Mackenzie-Beaufort 9 52 61 61
Yukon - Eagle Plains 0 1 1 1
Yukon - Others 0 4 4 4
Avrctic Islands 12 28 40 40
Eastern Arctic 0] 5 5 5
Hudson Bay 0 1 1 1
Total 21 95 117 117
Ontario 1 1 2 1
Gulf of St. Lawrence (Maritimes
Basin)4 0 1 1 1
TOTAL CANADA! 270 252 522 346
1. numbers may not add due to rounding
2. as of 31 December 2009, some are 2008
3. Converted to imperial using 35.49373 cf/m3, refer to Section 1.3
4. The Board is aware of the new Geological Survey of Canada report released in 2009 providing a larger

estimate of potential gas resources in the Gulf of St. Lawrence region; however, the Board is cautious about
recognizing the new estimate without additional successful drilling information.
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Current NEB Estimates of Ultimate Potential for Unconventional Marketable Natural

Gas in Canada (109m3)

Discovered
Resources

Undiscovered
Resources

Ultimate
Potentiall

Remaining
Ultimate
Potential?

Western Canada Sedimentary Basin
Alberta
British Columbia 84
Saskatchewan
Southern Territories

Total 84

2114

2114

2198

2198

2198

2198

East Coast (Offshore)
Labrador
East Newfoundland Basin
Grand Banks
Southern Grand Banks
Laurentian Sub-Basin
Nova Scotia
George's Bank

Total

West Coast
Offshore

Intermontane

Total

Northern Canada
Northwest Territories - Colville Hills
Mackenzie-Beaufort
Yukon - Eagle Plains
Yukon - Others
Arctic Islands
Eastern Arctic
Hudson Bay
Total

Ontario

Gulf of St. Lawrence (Maritimes Basin)

TOTAL CANADA! 84

2114

2198

2198

1. numbers may not add due to rounding
2. as of 31 December 2010
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Current NEB Estimates of Ultimate Potential for Unconventional Marketable Natural
Gas in Canada (Tcf)

Remaining
Ultimate
Potential?

Discovered | Undiscovered | Ultimate
Resources Resources Potentiall

Western Canada Sedimentary Basin
Alberta3
British Columbia?3 3 75 78 78
Saskatchewan3
Southern Territories
Total 3 75 78 78
East Coast (Offshore)
Labrador
East Newfoundland Basin
Grand Banks
Southern Grand Banks

Laurentian Sub-Basin

Nova Scotia

George's Bank
Total

West Coast
Offshore
Intermontane

Total

Northern Canada
Northwest Territories - Colville Hills
Mackenzie-Beaufort
Yukon - Eagle Plains
Yukon - Others
Arctic Islands
Eastern Arctic

Hudson Bay
Total

Ontario

Gulf of St. Lawrence (Maritimes
Basin)

TOTAL CANADA! 3 75 78 78

1. numbers may not add due to rounding,
2. asof 31 December 2010
3. Converted to imperial using 35.49373 cf/m3
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OBSERVATIONS

3.1 General

The estimate of ultimate potential for marketable unconventional natural gas in the shales of the
Horn River Basin of northeastern B.C. is 2 198 109m? (78 Tcf). The new assessment identifies a new
resource available to British Columbia and Canada that can be used to meet a significant portion of
natural gas demand going forward and ranks among the most prospective shale gas basins in North
America (Table 3.1).

3.2 Reservoir Properties of the Horn River Basin Shales

Certain trends became evident during analysis of the data for this study. Overall, all three shale
zones carry significant potential. The Otter Park, however, varies substantially across the basin,
losing significant potential to the south near the Presqu’ile barrier reef, where limestone marls were
deposited at the expense of shale.

3.3 Access Restrictions

The use of the @Risk model allows for an approximate determination of undiscovered resources

that may be precluded from development by surface access restrictions. Due to the absence of
national parks, large urban areas and large lakes in northeastern B.C., there does not appear to be

any significant resource volumes that, in theory, cannot be accessed through directional drilling
technology. Industry consultations did not give a clear indication that there were any resources

that have been sterilized for all practical purposes due to surface restrictions. Practically however,
incremental costs associated with directional drilling can have a significant impact on competitiveness.
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CONCLUSIONS

The estimate of ultimate potential for unconventional shale gas in the Horn River Basin of
northeastern B.C. is 2 198 10%m3 (78 Tcf).

Discovered resources are 84 10m? (3 Tef) and undiscovered resources are 2 114 10%m3

(75 Tef).

An area in the south of the Horn River Basin is excluded from the marketable estimate
because the land is currently untenured, which would presumably restrict its development.

The remaining resources can support high drilling levels for many years in the province.

Northeastern British Columbia now holds about 55 per cent of the reported ultimate
remaining conventional and unconventional natural gas resources in the Western Canada
Sedimentary Basin.

There are a number of other unconventional natural gas plays in British Columbia and
elsewhere in the country which, if developed, could substantially increase the resources
available for Canadian use and export purposes. The agencies intend to assess these B.C.
plays as time, data, and resources allow. The NEB also intends to assess unconventional
plays elsewhere in the country.
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GLOSSARY

@Risk

Adsorbed Gas

Basin

Coalbed methane, Coalbed

gas, or natural gas in coal

Conventional Gas

Discovered resource

Experimental scheme

Free Gas

Gas in place

Limestone Marl

A computer program from Pallisade Corporation that adds risk
analysis and modeling capabilities to Excel spreadsheets.

Natural gas that is electrostatically bonded to the organic matter
within a reservoir and requires the depressurizing of the reservoir to
produce.

A segment of the earth’s crust which has been downwarped, usually
for a considerable time. The sediment in basins increase in thickness
toward the centre.

An unconventional form of natural gas that is trapped within the
matrix of coal seams.

Natural gas that is found in the reservoir and produced through

a wellbore with known technology and where the drive for
production is provided by expansion of the gas or by pressure from
an underlying aquifer.

The quantity of gas and related substances that are estimated, at a
particular time, to be initially contained in known accumulations
that have been penetrated by a well bore.

Subject to B.C. oil and gas regulations, a scheme using methods

that are untried and unproven in the particular application and that
must be planned and directed towards either testing a novel process,
technique or procedure in an established or new reservoir situation.

Natural gas that is found in the spaces between mineral grains or
within organic matter.

The total quantity of gas that is estimated to be contained in any
given pool or reservoir and includes both the portion that can be
recovered and the portion that will remain in the reservoir.

Limestone that has been infiltrated by layers of silt or sand and
which typically have poor reservoir potential.
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Marketable Gas

Monte Carlo simulation

Natural gas in coal

Play area

Pyritic

Recoverable Gas

Recovery Factor

Remaining Gas

Reserves

Reservoir

The volume of gas that can be sold to the market after allowing for
removal of impurities and after accounting for any volumes used

to fuel surface facilities. As used in this report for undiscovered
volumes, it is determined by applying the average surface loss from
existing pools in that formation to the recoverable volumes of
undiscovered pools of the same formation.

A statistical method whereby a range of results and their
probabilities are reached through random sampling of points on a
distribution curve or curves.

See coalbed methane.

The geographical area that contains a defined geological
configuration within a stratigraphic interval. That geological
configuration now contains or is expected to contain producible gas
or oil if the economic conditions are right.

Rock in which pyrite is found is said to be pyritic. Pyrite forms in
sedimentary rocks under varying conditions. In marine sedimentary
rocks, the formation of pyrite is generally dependent on the amount
of organic material present.

The volume of natural gas, including any impurities that can be
recovered from the reservoir as a result of natural and/or induced
recovery mechanisms. As used in this report for undiscovered
volumes, it is determined by applying the average recovery factor
from existing pools in a formation to the undiscovered pools of the
same formation.

A factor applied to the GIP (or oil in place) in a reservoir in order
to obtain the volume of gas that can be physically recovered at the
surface.

Remaining gas (ultimate potential minus cumulative production)
represents the volume available for future market demands.

Reserves are estimated remaining marketable quantities of oil and
natural gas and related substances anticipated to be recoverable
from known accumulations, as of a given date, based on analysis of
drilling, geological, geophysical, and engineering data; the use of
established technology; specified economic conditions, which are
generally accepted as being reasonable, and shall be disclosed.

A porous and permeable subsurface rock layer that contains a
separate accumulation of petroleum that is confined by impermeable
rock or water barriers and is characterized by a single pressure
system.

NATIONAL ENERGY BOARD
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Resources

Shale Gas

Stratigraphic interval

Surface loss factor

Tight gas

Ultimate potential

Unconventional gas

Undiscovered resource

As used in this report, resources refers to the total volume of oil or
natural gas that is thought to be found in an area, or to that portion
of the total resources that is not penetrated by a wellbore to date, or
the volume that could be found as a result of appreciation.

A form of unconventional gas that is trapped within shale,

a sedimentary rock originally deposited as clay or silt and
characterised by extremely low permeability. The majority of the
gas exists as free gas or adsorbed gas though some gas can also be
found in a dissolved state within the organic material.

A grouping of all the productive geological formations in the
province into layers of sedimentary rocks of approximately the
same geological age. For example, the Klua and Evie shales are
geologically different but they are of approximately the same
geological age and are grouped in this study.

A factor applied to the gas recovered from a reservoir in order to
determine the volume of gas actually available to be delivered to

the market. It is generally used to account for impurities in the gas
and the volume of gas used to fuel the equipment that allows for the
production at a particular location.

A form of unconventional natural gas that is held in the pore space
of a rock that has a lower permeability or ability to flow than usual
for that type of rock.

A term used to refer to an estimate of the marketable resources
that will be developed in an area by the time that exploratory and
development activity has ceased, having regard for the geological
prospects of an area, known technology and economics. It includes
cumulative production, remaining reserves, and future additions to
reserves through extension and revision to existing pools and the
discovery of new pools. For most of this report it is used as a short
form of “ultimate potential of natural gas”.

Natural gas that is contained in a non-traditional reservoir rock that
requires significant additional stimulus to allow gas flow. It may be
that the gas is held by the matrix material such as coal, ice, or shale;
or where the reservoir has an unusually low amount of porosity and
permeability.

The portion of the ultimate potential that has yet to be penetrated
by a wellbore or that has yet to be proven by changes in a
discovered pool’s reserves through extension or revision.
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METHODOLOGY

Introduction

Background

Like prior assessments of conventional resources, the NEB uses Monte Carlo simulations to provide a
range of results of varying probabilities.

Assumptions

1) Stratigraphic units are treated as individual resources and the assessment is limited to the
geographic area defined as the shale basin even if the resource may extend beyond the
confines of the basin.

2)  The resource is considered a resource play, where gas is pervasively distributed through the
geologically defined play area. Thus, success at discovering the resource with a well is 100
per cent.

3)  No study has been undertaken to determine the economics for marketable resources and
the determination of what is economic is based on the experience of the agencies.

4)  Recovery factors are based on existing technology, though reasonable advancements
are assumed. No detailed analyses of technological advancements have been performed
for this study.

Data

The data used in this study included:
*  Basic well data, including location and formation tops
*  Stratigraphic intervals: zones and aerial extent

*  Zone evaluation: formation depth, gross pay, net pay, porosity, gas saturation, pressure,
temperature, and TOC

*  Fluid properties: gas or oil, Z factor, and gas contents
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Stratigraphy and Area Breakdown

Stratigraphic Intervals

The project team reviewed relevant formations in the project area and divided gas-bearing horizons
into stratigraphic units. For each well, reservoir parameters were estimated for each stratigraphic unit
where data permitted.

Play Area

For this study, each stratigraphic unit was represented by a single play area because insufficient data
prevented identification of separate areas with common characteristics. In the future, as data become
more available, the shale basin may be subdivided.

Play Area tracts

Each play area was further subdivided into spacing units. For this study, 1415.5 m by 1856.0 m tracts
were used because the spacing was close to the drill-spacing unit used by the BC OGC.

Resource Evaluation Process

Formulas

Shale gas (as well as coalbed methane) dominantly consists of two gas types: free gas, which is natural
gas stored in pore spaces and fractures, and adsorbed gas, which is natural gas adsorbed to organic
matter and clay in the reservoir. Therefore, the total natural gas stored in a shale prior to production
can be determined by using the following basic equation:

GIP total = GIP, free T GIP, adsorbed

Where:
* GIP,,, = total gas in place
*  GIP, = free gas in place
*  GIP,jypeq = 2dsorbed gas in place

Marketable resources can be calculated with the following equation
MRtotal = MRﬂee + MRadsorbed
Where:

* MR, = Total marketable resources
* MRy, = Free marketable resources
* MR, j,ried = Adsorbed marketable resources

Further, for marketable resources, geographic components to the resource were excluded where the
reservoir was considered too uneconomic to develop, as determined and mapped by the agencies.
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Free gas

Because of a lack of reserves data, free gas and adsorbed gas contents were estimated from basic
reservoir data extracted from well logs, core, and flow and pressure tests. A standard volumetric
equation was used for free gas:

D x PG x T
PsxDxTGx Z

GIPfree=AxHthGx(I)xSGx(

Where:
*  GIPg, = gasin place (m?)
o A=area(m?)
*  H=gross formation thickness (m)
*  NtG = net pay to gross pay ratio (percentile)
* @ =porosity (percentile)
*  S¢ = gas saturation (percentile)
* D= formation depth (m)
* PG = pressure gradient (MPa/m)
*  Pg=surface pressure (MPa)
* TG = temperature gradient (degrees Kelvin)
¢ Tg=surface temperature (degrees Kelvin)

* 7= gas compressibility (unitless)
Marketable free gas was estimated with the equation:
MRfm = GIme x (1 -SL) x RF
Where:
* MRy, = marketable gas in place (m?)

*  SL = surface loss (percentile; includes gas impurities and fuel gas)

*  RF=recovery factor (percentile)
Adsorbed gas
The following equation was used to estimate adsorbed gas:

GIPadsorbed=AXHXNtGXpbx(I—(D)x(TOCXLtOXDXPG)
PL+PF

Where:
* Py =rock-matrix density (kg/m?)
¢ TOC = total organic content (percentile)
*  LtO = Langmuir Volume to Total Organic Content (m3/kg)
*  P; = Langmuir Pressure (MPa)
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To estimate marketable adsorbed gas:

MRadsorbed= RF x {GIPadxorbed - [A x H x NtG x pb X (1' (D) x (TOC xLiOx D x PG)]}

PL+PF

Where:

. P, = Abandonment pressure (MPa)
Correlated Variables

Correlations between variables are assumed to be:
1) Recovery factors positively correlate to pressure, porosity, and gas saturation
2)  Porosity positively correlates to TOC content
Some variables were calibrated against other variables to tie them into mapped data and, therefore,
give a result more based on local conditions:
1) Pressure gradient was multiplied by depth to become reservoir pressure
) Temperature gradient was multiplied by depth to become reservoir temperature
3)  Z factor (based on a mix of typical Horn River Basin gas contents) was calibrated to depth
)

Natural gas impurities were calibrated to depth and, in turn, fuel gas for processing was
calibrated to natural gas impurities

Geological Mapping

The agencies mapped four major characteristics of each reservoir by constructing map grids: depth,
thickness, net-to-gross pay ratio, and pressure gradient. As more data becomes available for other
reservoir parameters such that characteristics can be mapped with reasonable confidence, additional
parameters (for example, porosity) may be mapped in the future.

Shale thickness values and subsea values were calculated for each well in the data set and subsequently
gridded using a grid interval with one grid node per tract. Depth to each shale unit was a product of
subsea and digital elevation model grids.

Net shale pay was determined from a subset of wells throughout the basin, favouring wells with
modern digital logs in LAS format. Cut-offs were chosen as a qualitative best approximation of pay

throughout the Horn River shales. A net shale pay to gross thickness ratio was then calculated for
each of the wells.

For each shale unit (Muskwa, Otter Park and Evie), the final result was a series of grids including
gross thickness, net to gross ratio, and depth. A pressure-gradient map was shared for all three shales
and was based on the limited amount of pressure data available in the basin.
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Z-factor was calibrated to depth using a typical Horn River Basin gas content, reservoir pressures, and
temperatures, using the formula:

Z = 0.000000000124093P2 + 0.000004343739202P+0.656780747688992

where:

* 7= compressibility (dimensionless)

*  P=reservoir pressure (kPa — dimensionless input)
Surface loss (SL) was estimated using two components: non-hydrocarbon impurity content and fuel
gas for gas transport and gas processing. Non-hydrocarbon impurity contents in gas samples were

plotted against formation depth to determine likely shrinkages and how they vary by depth across the
basin. The following equation was used:

NHC=IGxD-b
Where:

*  NHC = non-hydrocarbon impurity content (percentile)

IG = impurity gradient (percentile per m)
D = depth (m)

* b =Y intercept (percentile)

Fuel-gas consumption for gas transport (including future well-site gas compression) was a

constant three per cent. Gas processing was based on the non-hydrocarbon impurity content: the
non-hydrocarbon impurity content was multiplied by 1.5 to estimate total gas removed as impurities
and fuel gas for processing.

A summary of the reservoir parameters, their correlations, and the origin of the data is available in
Table A.1

Data Processing
Discovered and Undiscovered Tracts

Tracts were assigned “discovered” status if the evaluated formation was penetrated by a vertical well or
if it contained the bottom-hole location of a horizontal well (in order to include resources discovered
by horizontal wells). More than one formation can be produced from a single horizontal well in the
Horn River Basin, however, because the shale formations are stacked on each other and hydraulic
fracturing typically creates fractures that extend into adjacent stratigraphic units. Therefore, each
stratigraphic unit was considered discovered where any of the three were penetrated by a horizontal
well. Tracts not assigned “discovered” status were assigned “undiscovered” status. As more becomes
known about the Horn River Basin and the extent of hydraulically induced fractures, it may become
possible to better assign discovered and undiscovered resources in horizontal wells.

Data Extraction for Discovered Tracts from Grid

Data for reservoir-parameter modeling was extracted from the map grids and assigned to discovered
tracts based on whether wells drilled through those tracts contained values used to construct the grid.
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For example, if a discovered tract contained a well with a net-to-gross value, the net-to-gross field for
that tract would be filled with the value from the grid. In this way, if there was more than one well to
a tract, the value would more likely represent the average. If no data was present in the well for that
field, no grid value was assigned and the discovered tract remained null.

Using this method, data was extracted from the net-to-gross and pressure-gradient grids. Depth and
thickness were considered static values and extended to all tracts whether they were drilled or not
because of the relatively high certainty of these formation characteristics.

Resource Modeling
Introduction

The gas resource is estimated stochastically by applying probability-distribution curves to most of

the variables in the Free Gas and Adsorbed Gas equations on a tract by tract basis. Discovered tracts
use real data where present and distribution curves where absent. Undiscovered tracts are entirely
assigned distribution curves for each relevant variable. Monte Carlo simulations are then run to
simulate a number of random basins and the volume of gas in each random basin is the sum of its
tracts. Because of the range of possibilities, it is possible to determine low, most likely, and high values
for discovered and undiscovered segments of GIP and marketable resources.

Scope

The resource evaluation was integrated at two levels: 1) a tract-by-tract scale and 2) a basin scale
(Figure A.1). Essentially, the tract-by-tract scale should be thought of as the potential for gas on a
tract-by-tract basis. Given the possibility for a wide variety of reservoir conditions on such a small
scale (just less than a square mile), where a few tracts out of a few thousand may have outlier high or
low values, the range can be very wide. However, because the basin is very early in its development
and there is low sampling density, the shape of any probability-distribution curve associated with that
range is highly uncertain (i.e. the curve could easily be skewed one way or the other).

To simulate the uncertainty of base-curve shapes at the tract-by-tract level, a second set of
distributions is applied at the basin level (i.e. a distribution of distributions8). This second set
represents the most likely value for the basin in its entirety. As such, it has a narrower range because
the overall basin is not expected to have the extreme outliers that individual tracts have within it. As
the basin’s most likely value gets higher or lower for each iteration in the Monte Carlo simulation, the
most likely value of the base curves at the tract level becomes higher or lower with it, thus changing
their shape.

Distribution curve selection

Often in resource assessments with limited sample data, triangular distributions are used to represent
uncertainty because data is scarce enough to restrict the use of software “curve fitting”. However,
triangular distributions are considered weak by some in that they overweight probabilities towards
the tail ends of the distribution. Therefore, in this study, beta distributions were used to allow for the
existence of very low probability outlier tails. The @Risk RiskBetaPERT function is a flexible beta
curve that allows users to input high and low values as well as a most likely value as in a triangular
distribution. The ability to input a most likely value for a Beta curve was also significant because it
permitted tract-by-tract curves to have their most likely value change: the input for the most likely

8  Personal communication with Ron Charpentier and Troy Cook, United States Geological Survey.
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A Basin Scale Distribution Superimposed on the Tract-scale Distribution
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value could be made the basin-scale distribution curve, which then allowed the tract-by-tract curve to
vary for each iteration.

Distribution curve utilization

Probability distributions were used in four ways: 1) where the mapped value was directly applied to
the distribution; 2) where the distribution was directly correlated to another mapped value; 3) a mix of
the previous two, and 4) stand-alone.

)

Data extracted from the Net-to-Gross map grid were modeled using curve-fitting
capabilities of @Risk software. Fitted curves were used to identify likely modes, averages,
and low and high values. For each tract, the grid value on the map was applied to the Beta
distribution as the mode (most likely). The upper and lower values for the Beta distribution
were the upper and lower values likely to occur in any tract in the entire area. The curve
was then shifted left or right based on the basin-scale distribution while keeping the upper
and lower limits, effectively moving the peak from side to side and changing the shape of
the curve.

A linear correlation between non-hydrocarbon gas impurities and depth was created based
on gas samples, which permitted for a shrinkage estimate for each tract. A distribution was
integrated so the estimated non-hydrocarbon impurity contents could wander higher or

lower based on upper and lower boundaries as determined from the scatter of data points.

Data extracted from the Pressure Gradient map grid were modeled using curve-fitting
capabilities of @Risk software. Curves were used to identify likely modes, averages, and
low and high values. The pressure gradient value for each tract was ultimately multiplied

NATIONAL ENERGY BOARD 30



by the corresponding depth from the depth grid to estimate the most likely pressure value.
The minimum and maximum values from the curve fitting were multiplied by depth to
determine the minimum and maximum pressures for each tract. The curve was then shifted
left or right based on the basin-scale distribution while keeping the upper and lower limits,
effectively moving the peak from side to side and changing the shape of the curve.

4)  Standalone probability distributions were porosity, gas saturation, recovery factor, total
organic content, and the Langmuir volume to TOC ratio (whose low, most likely, and high

values originated from a graph of Langmuir volumes plotted against sample depth; Figure
A2).

Static

1)  Z factor, Langmuir pressure, abandonment pressure, and matrix density were considered
static. A static temperature gradient was multiplied by depth to estimate reservoir
temperature.

A summary of which variables used distribution curves is present in Table A.1. A summary of the low,
most likely, and high values for the tract-by-tract distributions and the basin-scale distributions are
available in Table A.2.

Monte Carlo Simulations

Once all tracts were assigned data or distributions, a 500-iteration Monte Carlo simulation was run
to determine GIP and marketable resources for each tract for both free and adsorbed gas. Tracts were
summed to determine the GIP and marketable resources for the area. A spatial filter was applied to
exclude gas from areas deemed too uneconomic to develop.

Summing of Results

@Risk curve-fitting capabilities were used to fit a distribution curve to the results for each shale
(using Anderson-Darling statistics to determine the best fit) and the amount of GIP and marketable
resources present in the Horn River Basin was summed using a 1000-iteration Monte Carlo
simulation.
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Model Variables

Mapped | Probability c ot
Variable (Y/N) Distribution orrelations Data source
(Y/N)
Area N N
Well | digital
Depth Y N el 1ogs, digr
elevation map
Thickness Y N Well logs
Net to Gross Y Y Well logs; core
ositive correlation with recover
Porosity N Y P . 4 Core
factor and total organic content
ositive correlation with recover
Gas Saturation N Y P . 4 Best estimate
factor and total organic content
. multiplied by depth to become | Production tests and
Pressure Gradient Y Y P y aep
reservoir pressure well logs
Surface Pressure N N
multiplied by depth to becom Well log bottom-hol
Temperature Gradient N N viiplied by cepih fo © el log botlo ©
reservoir temperature temperatures
Gas Compressibility N N calibrated to reservoir pressures | Best es.timoh? .from
and temperatures gas impurities
Gas impurities N Y calibrated to depth Gas analysis
Fuel gas for transport N N Best estimate
Fuel gas for processing N N calibrated to gas impurities Best estimate
positive correlation with
Recovery Factor N Y porosity, gas saturation, and Best estimate
reservoir pressure
Shale-matrix densit
A P censtty N N Core
(0% porosity)
Total organic content N Y positive correlation with porosity Core
. calibrated to total organic
Langmuir Volume N Y I gan! Adsorbed gas tests
content
Best estimate from
Langmuir Pressure N N est esimate
adsorbed-gas tests
Abandonment Pressure N N Best estimate
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Low, Most Likely and High Correlations Between TOC and Adsorbed Gas

Adsorbed Gas Vs. Organic Content

5 e

4 //
3 —HRB low
/ / —HRB high
2 * =—=HRB mode
M
*
1 . &

. 2 % o 0% o @
0

T T 1

Langmuir Volume (m3/ton)

0\
.
o3
®
»
®

4

0 0.02 0.04 0.06 0.08 0.1
Total Organic Content (percentile)

35 AN ENERGY MARKET ASSESSMENT



CURRENT NEB ESTIMATES OF ULTIMATE
POTENTIAL FOR UNCONVENTIONAL
MARKETABLE NATURAL GAS IN CANADA

ON A PER PLAY BASIS

Discovered

109m3
Resources

Undiscovered
Resources

Ultimate
Potentiall

Remaining
Ultimate
Potential?

Western Canada Sedimentary Basin3
Alberta (Total)
Colorado Group Shale
Horseshoe Canyon CBM
Mannville CBM
Deep Basin Tight Gas
Duvernay Shale
Exshaw Shale
Montney Shale
British Columbia (Total)
Gething CBM
Deep Basin Tight Gas
Other CBM
Horn River Basin Shale 84
Cordova Embayment Shale
Montney Shale
Offshore Gas Hydrates
Saskatchewan (Total)
Belly River CBM
Mannville CBM
Colorado Group Shale in SW
Colorado Shale in E
Southern Territories (Total)
Horn River Basin Shale

Cordova Embayment Shale

2114

2198

2198

Total (WCSB) 84

2114

2198

2198
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109m3

Discovered Undiscovered Ultimate

Resources

Remaining
Ultimate

Resources Potentiall X
Potential?

Eastern Canadad
Newfoundland (Total)

Offshore Gas Hydrates
Nova Scotia (Total)

Cumberland Basin CBM

Stellarton Basin CBM

Windsor Shale

Offshore Gas Hydrates
Quebec (Total)

Utica Shale

Lorraine Shale

Offshore Gas Hydrates
New Brunswick (Total)

Frederick Brook Shale

Offshore Gas Hydrates
Prince Edward Island (Total)

CBM

Offshore Gas Hydrates
Ontario (Total)

Various Shales

Total Eastern Canada

TOTAL CANADA!

84

2114 2198 2198

1. numbers may not add due to rounding
2. asof 31 December 2010
3. not meant as a complete list of plays
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Tcf

Discovered
Resources

Undiscovered
Resources

Ultimate
Potentiall

Remaining
Ultimate
Potential?

Western Canada Sedimentary Basin3
Alberta (Total)4
Colorado Group Shale
Horseshoe Canyon CBM
Mannville CBM
Deep Basin Tight Gas
Duvernay Shale
Exshaw Shale
Montney Shale
British Columbia (Total)4
Gething CBM
Deep Basin Tight Gas
Other CBM
Horn River Basin Shale
Cordova Embayment Shale
Montney Shale
Offshore Gas Hydrates
Saskatchewan (Total)4
Belly River CBM
Mannville CBM
Colorado Group Shale in SW
Colorado Shale in E
Southern Territories (Total)4
Horn River Basin Shale

Cordova Embayment Shale

75

78

78

Total (WCSB)4

75

78

78
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Discovered

Tcf
Resources

Undiscovered
Resources

Remaining
Ultimate
Potential?

Ultimate
Potentiall

Eastern Canada3
Newfoundland (Total)4

Offshore Gas Hydrates
Nova Scotia (Total)4

Cumberland Basin CBM

Stellarton Basin CBM

Windsor Shale

Offshore Gas Hydrates
Quebec (Total)4

Utica Shale

Lorraine Shale

Offshore Gas Hydrates
New Brunswick (Total)4

Frederick Brook Shale

Offshore Gas Hydrates
Prince Edward Island (Total)4

CBM

Offshore Gas Hydrates
Ontario (Total)4

Various Shales

Total Eastern Canada4

TOTAL CANADA!

75

78 78

numbers may not add due to rounding
as of 31 December 2010
not meant as a complete list of plays

hAwbd =

Converted to imperial using 35.49373 cf/m3, refer to Section 1.3
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